'JURec^dPCT/fiTO SEP ?5PQnt 



U.S. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 
TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER: 
MH/AN 45888 



. AEPLN. NO. (If known, see 37 CFR 

^9/937383 



INTERNATIONAL APPLICATION NO.: 
PCT/SEOO/00586 



INTERNATIONAL FILING DATE: 
24 MARCH 2000 



PRIORITY DATE CLAIMED: 
25 MARCH 1999 



TITLE OF INVENTION: HOMOGENISING OF SMALL-VOLUME MIXTURES BY CENTRIFUGATION AND HEATING 
APPLICANTIS) FOR DO/EO/US: Mats MALMQUIST 



herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 
This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 
This is a SECOND or SUBSEQUENT submission of Items concerning a filing under 35 U.S.C. 371 . 

This express request to begin national examination procedures (35 U.S.C. 371 (f)) at any time rather than delay examination 
until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority 



A copy o f the International Application as filed (35 U.S.C. 371(c)(2)) 

transmitted herewith (required only if not transmitted by the International Bureau). 
iS been transmitted by the International Bureau, (see attached copy of PCT/IB/308) 
not required', as the application was filed in the United States Receiving Office (RO/US). 
A translation of the International Application into English (35 U.S.C. 371(c)(2)). 

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)). 
are transmitted herewith (required only if not transmitted by the International Bureau), 
have been transmitted by the International Bureau. 

have not been made; however, the time limit for making such amendments has NOT expired, 
have not been made and will not be made. 
A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 

A translation of the annexes of the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 371(c)(5)). 
Item 11. to 16. below concern document{s) or information included: 

An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 
An assignment document for recording. A separate cover sheet in ci 
A FIRST preliminary amendment. 
A SECOND or SUBSEQUENT preliminary amendment. 
A substitute specification. 

A change of power of attorney and/or address tetter. 
Other items or information: 



3 with 37 CFR 3.28 and 3.31 is included. 



International Search Report 
PCT/I PEA/409 

Abstract of the Disclosure on a Separate Sheet 
Application Data Sheet 



JC18R8C'dPCT/PT0 SEP 2 5 200! 



J.S. APPLICATION 



€9/ 9'3t'383 



^ -J 1 X j The following fees are submitted: 
BASIC NATIONAL FEE {37 CFR 1.492(a)(1)-(5)): 

Neither international preliminary examination fee (37 CFR1.482) nor international search 
fee 

(37 CFRl .445(a)(2)) paid to USPTO and International Search Report not prepared by 
theEPOorJPO $1,000.00 

International preliminary examination fee (37 CFR 1 .482) not paid to USPTO but Interna- 
tional Search Report prepared by the EPO or JPO $ 860.00 

International preliminary examination fee (37 CFR 1 .482) not paid to USPTO but interna- 
tional search fee (37 CFR 1 .445(a)(2)) paid to USPTO S 710.00 

International preliminary examination fee (37 CFR 1 .482) paid to USPTO but all claims 
International preliminary examination fee (37 CFR 1.482) paid to USPTO and all claims 

.a ENTER APPROPRIATE BASIC FEE AMOUNT = 


CALCULATIONS PTO USE ONLY 




$ 1,000.00 




SuriHarge of $130.00 for furnishing the oath or declaration later than months from the 
eartet claimed priority date (37 CFR 1 .492(e)). 


$ 




= /CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 


$ 


To^claims 


1 9 - 20 = 


0 


X $18.00 


$ 




Independent claims 


2 - 3 = 


0 


X $80.00 






MuQiPLE DEPENDENT CLAIMS(S) (if applicable) 


+ $270.00 






iSli TOTAL OF ABOVE CALCULATIONS = 


$ 1,000.00 




Redijdtion of '/z for filing by small entity, if applicable. Applicant claims Small Entity 
Stafgj under 37 CFR 1 .27. -i- 


$ 500.00 




SUBTOTAL = 


$ 500.00 




Processing fee of $ 1 30 for furnishing the English translation later than months from the 
earliest claimed priority date (37 CFRl .49(f)). 


$ 




TOTAL NATIONAL FEE = 


$ 500.00 




Fee for recording the enclosed assignment (37 CFRl .21 (h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property -I- 


$ 40.00 




TOTAL FEES ENCLOSED = 


$ 540.00 






Amount to be 
refunded: 




charged: 





A check, in the amount of $ 540.00 to cover the above fees is enclosed. 

of $ to 



ir the above fees. A duplicate copy of this sheet 



The Commissioner is hereby authorized to charge any additional fees which may be required by 37 CFR 1.16 and 1.17, o 
credit any overpayment to Deposit Account No. 25-0120. A duplicate copy of this sheet is enclosed. 



SEND ALL CORRESPONDENCE TO: 

Customer No. 000466 

Young & Thompson 

745 South 23rd Street 
2nd Floor 

Arlington, VA 22202 

(703) 521-2297 facsimile (703) 685-0573 



September 25, 2001 



BenoTt Caste! 
Attorney for Applicant 
Registration No. 35,041 



JClSRec'dPCT/PTO Sep" 



PATENTS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Mats MALMQUIST 
Serial No. (unknown) 
Filed herewith 

HOMOGENISING OF SMALL-VOLUME 
MIXTURES BY CENTRIFUGATION 
AND HEATING 

PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Prior to calculation of the filing fee, please 
amend the above-identified application as follows: 

IN THE CLAIMS : 

Please cancel claims 1-16. 
Add the following new claims: 

--17. (new) A thermocycling device comprising a 
rotor (1) for holding reaction vessels (2), a motor (3), 
connected to said rotor, means such as a processor (4) for 
controlling the speed of the rotor, means (5 and 6) for 
heating and cooling the contents of the reaction vessels, 
and means for measuring the temperature (7, 12), character- 
ized in that the means (7, 12) for measuring the temperature 
read the temperature from the sample containing end of one 
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or several rotating reaction vessels and that the means (6) 
for heating the contents of the reaction vessels operate at 
a temperature significantly higher than the melting tempera- 
ture of the reaction vessels. 

— 18. (new) The device according to claim 17, 
characterized in that the heating means (6) bring hot air 
in contact with the reaction vessels, the temperature of 
said hot air being in the interval of 200 to 800 °C . 

— 19. (new) The device according to claim 17, 
characterized in that the heating means (6) comprise a 
mantle which can be moved in relation to the rotational path 
of the reaction vessels. 

— 20. (new) The device according to claim 17, 
characterized in that the cooling is effected by using a 
coolant gas or air, 

— 21. (new) The device according to claim 17, 
characterized in that the heating means (6) comprise an IR- 
lamp . 

— 22. (new) The device according to claim 17, 
characterized in that the means for measuring the tempera- 
ture comprises an temperature sensor (7), the measuring 
focus of which intersects the rotation path of the apices 
of the reaction vessels. 
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Mats MALMQUIST 
--23. (new) The device according to claim 17, 
characterized in that the means for measuring the tempera- 
ture comprises a temperature sensor placed in one reaction 
vessel . 

— 24. (new) The device according to claim 17, 
characterized in that it comprises a radiation source (8) 
emitting a ray of radiation which intersects the rotation 
path of the apices of the reaction vessels and a sensor (9), 
capable of registering at least one of the following; light 
reflected from the reaction vessels, light emitted by the 
contents of the reaction vessels. 

--25. (new) The device according to claim 24, 
characterized in that the radiation source (8) is a laser 
source . 

--26. (new) The device according to claim 24, 
characterized in that the sensor (9) registering the 
reflected light from the rotating reaction vessels sends a 
signal to a processor (4) which controls the speed of the 
rotor . 

— 27. (new) The device according to claim 24, 
characterized in that the sensor registering the reflected 
light from the rotating reaction vessels sends a signal to 
a processor (9) which controls the measuring frequency of 
the temperature sensor. 
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— 28. (new) The device according to claim 17, 
characterized in that said rotor (1) for holding at least 
one reaction vessel is chosen among the following: a drum 
rotor, a swing-bucket rotor and a fixed angle rotor. 

— 29. (new) The device according to claim 17, 
characterized in that the reaction vessel is chosen among 
the following: a micro tube, an Eppendorf -tube or a well in 
a microtitre plate. 

— 30. (new) The device according to claim 17, 
characterized in that a telecentric lens is positioned 
between the heating source and the reaction vessel or 
reaction vessels. 

— 31. (new) The device according to claim 17, 
characterized in that it comprises means for reading 
information contained on or in association to the reaction 
vessels . 

--32. (new) A method for performing chemical 
reactions in fluid media contained in reaction vessels, 
characterized in that said method comprises the following 
steps : 

i) at least one reactant is measured into a reaction 
vessel , 
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ii) said reaction vessel with contents is placed in a 
device capable of subjecting it 

to centrif ugation, heating, and cooling; 

iii) said reaction vessel is subjected to 
centrif ugation; and 

iv) said the reaction vessel is subjected to alternat- 
ing heating and cooling. 

— 33. ' (new) The method according to claim 32, 

characterized in that at least one reactant is added using 
a capillary or similar device, which only releases its 
content upon centrif ugation . 

— 34. (new) A method for performing chemical reac- 
tions in fluid media contained in reaction vessels, charac- 
terized in that a device according to claim 17 is used. 

--35. (new) A method for performing biochemical 
reactions involving thermocycling, characterized in that a 
device according to claim 17 is used. — 
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REMARKS 

The above changes in the claims merely place this 
national phase application in the same condition as it was 
during the international phase, with the multiple dependen- 
cies being removed. Following entry of this amendment, the 
claims now in the case are claims 17-35. 

Respectfully submitted, 

YOUNG & THOMPSON 




Benolt Castel 
Attorney for Applicant 
Registration No. 35,041 
Customer No. 00466 
745 South 23^^ Street 
Arlington, VA 22202 
Telephone: 703/521-2297 

September 25, 2001 
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ABSTRACT OF THE DISCLOSURE 

The efficient temperation of a sample is achieved 
when the sample is subjected to centrif ugation simultaneously 
with heating and optionally also cooling. This is achieved in 
a device comprising at least a rotor (1) for holding reaction 
vessels (2) , a motor (3) , connected to the rotor, a processor 
(4) for controlling the speed of the rotor, and elements (5 and 
6) for heating and cooling the contents of the reaction 
vessels, wherein the elements (6) for heating cover the apices 
of the reaction vessels for at least part of the rotational 
path of the vessels and that the elements for heating operate 
at a temperature significantly higher than the meeting 
temperature of the reaction vessels. The invention further 
relates to a method for performing chemical reactions and in 
particular a method for performing biochemical reactions 
involving thermocycling, for example PCR-reactions . 
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The present invention relates to the field of chemical reactions requiring temperation 
and/or inciibation of the reaction mixtiare and in particular chemical reactions in liquid media. 
The present invention discloses a new device and method for efScient and homogenous mixing, 
temperation and/or incubation of reaction mixtures. 



BacScgroimd of the invm.tmn 

Many important industrial processes as well as procedures applied in laboratories of 
iO various kinds are dependent on chemical reactions. Commonly the time consixmed for 

completing a process or procedure is determined by the time it takes for some specific chemical 
reaction or reactions to reach equilibriBm. This is often referred to as the kinetic properties of a 
chemical reaction or simply reaction kinetics. A host of variables infiusncs die reaction kinetics 
in each case, for instance the concentrations of reactants, tmiperatme, presence of catal3^c 
15 agents etc. 

Typically, increased temperature makes chemical reactions faster by speeding up key 
mechanisms like bringing molecules or molecule domains in contact "with each other. Therefore 
it is common to heat the reaction vessels, for example bringing them in contact with an open 
flame, hot g^, hot liquid, hot sand or a solid material. This procedure is often referred to as 
20 incubation. 

One tj^picai problean involved with incubations of fluid reaction mixtixres is thermal 
heterogeneity, because the parts of the reaction mixture being in close contact wi^ the walls of 
the reaction vessel will become heated before the more central parts of the reaction mixture. In 
many cases there is a risk of part of the reaction mixture becoming overheated before other parts 
25 even reach the d^ired temperature. This leads to temperature gradients ferming in tiie reaction 
mixture. Hot subsets of the reaction mixture has normally lower density than cold subsets which 
tend to generate temperatiire gradients or discrete layers of more or less isothermal bodies of 
liquid, so called thermociines. Thus warm, less dense portions of the reaction mixture tend to 
find a position above cold, denser portions. Molecular motion and currents in the reaction 
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mixture will eventaaily homogenize the reaction mixture with respect to temperature, a process 
referred to as temperation of the reaction mixmre. The time it takes to temperate a reaction 
mixture may contribvrte substantially to the time reqviired for the complete reaction. 

However, time-consumption in itself is not the sole probimi involved with temperation of 
5 chonical reaction mixtures. In certain iacabation procedures such as the repetitive temperations 
involved in so caOed tiiermocycHng processes, e.g. for p^oiming polymerase chain reactions, 
also known as PCR-reacrions, long temperation periods also leads to tmwanted side-reactions, 
sometrmes causing severe quality problems with respect to the accuracy and specificity of the 
obtained PCR-product. 

10 In the ongoing strive to miniaturize chemical reaction volumes, as evident e.g. in the field 

of throughput screening, several other problems are encountered. In a small reaction vessel, 
such as a well on a microtitre plate, both the mixing and temperation of sample and reagents may 
become severely restricted. When two or more miscibie fluids are mixed, we normally assume 
diat they first form a homogenous mixture, which then reacts. This is however rarely the case. 

15 Conventional microtitre plates and cuvettes are often manufactured fi-om polyst3/Tene, a 

hydtophilic polymer. Without dwelling on the exact behaviour of the liquid at the vessel 
boundaries, it can be concluded that stagnant areas will form and insufficient mixing easily occur 
in a small reaction vessel, such as a well on a microtitre plate. The properties of the reactants and 
sample fluids also influence their interaction with each other and with the vessel boundaries. 

20 Partial segregation, the formation of layere, aggregation and so on axe only a few examples of 
irregularities that can be encountered in a reaction vessel. 

There are reasons for distinguishing between two different processes causing problems 
with heterogeneous temperature distribution in a reaction mixture. The process caused by the 
lower fluidity close to the wails of a reaction vessel is a problem increasing when reaction scale 
25 decreases. In contrast, the problem involved with central parts of the liquid body being colder 
than the liquid close to walls when heating a reaction vessel, increases when reaction scale 
increases. This is the reason why thennocycling devices for processes in which proper 
temperation is required (e.g. processes like PGR) have a very narrow dynamic range with respect 
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to the reaction scale. Typically, in PCR-reactions these problems are most severe when reaction 
volumes are less than 5 joL and larger than 50 ^L. 

Another problem, seemingly -unxelated. to the mixing and temperation issues, is that of 
evaporation. In order to avoid evaporation, there exists a tendency to make the reaction vessels 
5 and in particular the wells on microtitre plates deeper and more narrow. Naturally, this finther 
enhances the previously mentioned problans of insufficient mixing and temperation. 

So far, temperamre heterogeneity has been discussed in terms of properties in a single 
reaction vessel. Especially when discussing miniaturisation of assays yet another dimension of 
temperation heterogeneity need to be considered: that of variation between reaction vessels. In 
10 assays with comparative purposes (i.e. with or without quantitative analysis like screemng tor 
novel drug candidates, mutations in nucleic acids, single nucleotide polymorphism and so forth) 
it is important to consider the reproducibility, commonly referred to as well-to-well umformity. 

Since the processes leading to poor thermal umformity axe difficult to predict 
quantitatively, the only available solution to the problem is often to focus on means to enhance 
15 the homogsnisation processes. To do this, varioxis strategies are applied. 

One is to use reaction vessels with specific fiat or oblong configurations in order to 
minimize the distance between the central and peripheral parts of the bulk of the reaction 
mixture. An example of this is to perform the incubation in thin capillaries as described by 
Wittwer, C.T. et al. (The LightCycler™: A Micro volume Muitisample Fluorimeter with Rapid 

20 Temperature Control, BioTechniques 22: 1 76-1 8 1 , January 1 997). One disadvantage with this 
approach is that the glass capillaries, loosely attached to their plastic holding portions, requirs 
extensive manual handling. The choice of glass capillaries makes possible both rapid 
temperation of the reaction mixture and detection of fluorescence after amplification. However, a 
glass capillarj? tends to maximize the surface-to-fluid contact, with all the consequences lids has 

25 on mixing and tsmperaticn. Further, the use of glass capillaries has the additional draw-back of 
obstructing the post-PCR processing of the sample. Examples of post-PCR processing include 
DNA sequencing procedures etc. 
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Other ways to solve the problem with imbdng and temperature heterogeneity is to 
introduce perturbation by agitating or shaking the reaction vessel. Specific instnnneats designed 
for this purpose are for example various kinds of flask shakers and so called Vortex machines. A 
problem often encountered with this approach is that the perturbation periodicity may cause 
5 currents or standing waves and therefore incomplete homogeneity. 

Another approach for homogenisation is the use of ultrasonic waves in a standard 
procedure called sonication. The latter procedure is, unfortunately, often difficult to combine 
with a nianber of standard incubation methods. 

Yet another approach is the use of flow-through systems, where a constantly mowing 
10 liquid is subjected to heating. 

Within the field of PCR, much attrition has been given to heat transfer and to the question 
of faster ramping, i.e. how to shorten the speed for temperature adjustments in both the heating 
and cooling phase. 



15 Closest prior art 

. WO 98/49340 (PCT/AU9 8/00277) discloses a temperature cycling device and method 
where a reaction mixture and a sample is loaded into loading wells on a disposable rotor, which 
rotor is then placed into a centrifugal thermal cycling device and spun, so that the reaction 
mixture and sample are moved by centri&.gai force to a reaction well at the periphery of the rotor. 

20 The device comprises heating means, for example infirared lights, convection heating elements or 
microwave sources. Interestingly, also provisions for cooling the rotor are included in the 
specification. According to one embodiment, the rotor speed is increased, resulting in air being 
drawn iato the device and rapidly cooling the contents of the reaction chambers at the periphery 
of the rotor. In addition to ambient air, a coolant gas can be i^ed. Refiigerated air is given as an 

25 example of coolant gases. Importantly, the disclosure of WO 98/49340 impii^ the use of 

different speeds of rotation. Further, WO 98/49340 does not address the problems of mixing and 
homogenous temporation. For example, it does not speciiy the direction of heating, nor does it 
contemplate simultaneous heating and cooling. 
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DE 19501 105 A i discloses a ceatrifUge with a temperatxire control system where a 
circulating fluid enters tbe rotor from above and flows out-wards and down- wards in the direction 
of the radiiis, around the test-tubes or sample containers. The inventor of the centrifuge according 
to DE 19501 105 criticises the hitherto known devices using a radiating source of heat and rejects 
5 them as unsatisfactory. 

It was the purpose of the preset invention to solve the problem witii time consuming and 
insufficient mixing and temperation steps in procedtires where incubation of small-volume 
chemical reaction mixtures are involved by finding means for effective mixing and 
homogenisation. Importantly, said means should be compatible with means for unhindered 
10 analysis of the reaction and preferably also appK cable in existing and fijture technologies in the 
fields of chemical and biotechnological reactions, screening and analysis, such as Mgh 
throughput screening, amplification reactions etc. 

in particular, the need for a fast and accurate thermocyciing device and corresponding 
method is not yet satisfied by the prior art devices and methods. 

15 

Smnmary of the invention 

This problem is solved by the invention according to the characterising portion of the 
attached claims, which are hereby incorporated. The inventioa comprises both devices and 
methods as disclosed in the description an defined in the attached claims. Further problmis 
20 solved by the invention and advantages obtained can be derived firom the description and 
drawings. 

Short descriptloai of the Sgiires 

The present invention is described below with rsference to the attached drawings in which 

25 Fig. 1 shows schematically a first embodiment of the invention, having a device for 

temperature measurement (7) communicating with a processor (4); 



SUBSTITUTE SHEET (RULE 26) 



wo W/S8®13 



FCT/SEOffi/0OSg6 



6 

Fig. 2 shows a second embodiment of the invention, where the device for temperature 
measurement (7) is supplemented with a laser source (S) and sensor (9); 

Fig. 3 shows a third embodiment of the invention, where the tempautui^ is measured by a 
probe (12), communicating via a transmitter (13) and receiver (14) with the processor (4); 

Fig- 4 shows a schematic cross section of a device according to the invention, showing 
basic components, such as the heating mantle (6), 

Fig. 5 shows a schematic view from above of an embodiment according to Fig. 2; 

Fig. 6 shows a schematic view from above of an embodiment, e.g. an embodiment 
according to Fig. i, and 

Fig. 7 shows a schematic cross section of a device with a heat source (17) placed in a 
lower mantle half (16) winch can be moved vertically. 



Dsscription 

In the following description of the invention, certain definitions will be used. They are to 
15 be interpreted as outlined below: 

The direction of the gravitational field: Described with vectors, the direction of the 
gravitation field is the same as the resiiltmg vector when a vector representing the centrifugal 
force, that is a vector at right angle to the axis of the centrifuge rotor directed from the centre of 
the rotor, is added to the vector representing the gravitation of earth. Consequently, downwards 
20 is in the present text defined as the same direction as the gravitation field as defined by the 
strniEied vectors representing centrifugal force and gravitation. 

Reaction mixture: Any fiuid reaction mixture, preferably a liquid reaction mixtxire, in 
which the reaction kinetics are influenced by temperature and where a faster, mere efBcient and 
homogenous temperation is desired. Examples of reactions, suitable for the present device and 
25 method are chemical / biochemical reactions within the field of high tirroughput screening and 
biochemical reactions involving repeated temperation, e.g. cyclic temperature changes, including 
a polymerase chain reaction (PCR), a ligase chain reaction (LCR), a "gapped-LCR-reaction", a 
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nucleic acid sequence-based amplification (NASBA), a self-sustained replication (3SR). a 
transcription mediated amplification (TMA), a stand displacement amplification (SDA), a target 
amplification, a signal amplification, or a combination of any of the above. 

Typically a pol3anerase chain reaction involves the following steps: 

1) Preparation of the reaction mixtures, i.e. preparation of the samples to be tested; 

2) Amplification, i.e. the exponential replication of the DNA molecules; and 

3) Detection of specific sequences for example by electrophoresis or hybridisation. 
Step 2) involves repeated temperature changes to take the reaction mixture through the 

steps of anneahng and extension of the nucleotide strands. Inefficient temperation, that is diffuse 
temperatures in the reaction mixture leads to imspecific amplification products. The necessity of 
a fast and homogenous temperation of the reaction mixture is caitral for the quality and 
reliability of the reaction. 

Reaction vessel: Any vessel capable of containing a reaction mixture widiin the 
temperature range necessary for performmg the reaction. Examples of reaction vessels suitable 
for use according to the invention inclxide, but are not limited to, the following: test tubes, so 
called micro tubes, Eppendorf-tubes, a single well or a multitude of wells in a microtitre plate, 
such as a microtitre plate of the 96-hole format, and various formats with a high density arrays of 
wells, such as the 1 92-hoIe format, the 384-hole format denser formats or the like. The reaction 
vessel for use according to the present invention can be a conventional, commercially obtainable 
reaction vessel as listed above, or a reaction vessel specially adapted for use in the inventive 
device, for example including an optical element at its distal end, a special colour or surface for 
absorbing heat at its distal end or having opaque, isolating or reflective surfeces on its side walls 
etc. 

The reaction mixture is situated in a reaction vessel, e.g. a vessel having at least one 
opening and one closed end, substantially m the opposite direction of the open end. Said vessel is 
loMed with a sample and at least one reactant, which by definition constitute the reaction mixture 
and which mixture is to be homogeneously incubated. Reactants are dispensed through the open 
end which after dispensing may be sealed, for example using a lid. Dispensing of reagents may 
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be performed using manual or automated pipetting devices or, in a preferred embodiment of the 
invention, using predispensed reagent capillaries (PCT/SE9 1/00343) or reagent cartridges 
(PCT/SE97/01562). 

The dosed end is defined as the distal end pointing in the same direction as the current 
gravitation field. The open end or the end closed with a lid or reagent cartridge, is called the 
proximal end. Thus, when no centrifugation occur, the distal end of a reaction vessel is often 
directed downwards in accordance of the gravitation field of the earth. In congruence with this 
statement, upwards in the present text is defined as the direction in opposition to the gravitation 
field that affects the reaction vessel with content in a specific situation. The proximal end is 
consequently directed upwards or in a direction opposite to the centriiugal force, 

A device according to the present invention is shown in figure 1 comprising means, such 
as a rotor 1 for holduig at least one reaction vessel 2 with contents; means for subjecting the said 
at least one reaction vessel and its contents to a centrifugal force, such as a motor 3; means 5 and 

6 for heating the part of the reaction vessel directed outwards in relation to the csntii&gai force; 
and means for cooling the proximal end of the reaction vessel (not shown). A temperature sensor 

7 is shown, with a line indicating schematically, that the reading is taken firom the sample 
containing end of a rotating reaction vessel 2. The taaperature sensor 7 is preferably an IK 
sensor. 

Using an HI sensor or other rapid sensor, an on-line measurement of temperature is 
achieved. The fast and accurate temperature meastirement makes it possible to use the very high 
temperatures described . 

In figure 1, a processor 4 is shown. This processor can be any conventional logic circuit 
loaded with operating instructions in the form of computer code, or a circuit specially adapted for 
the mventive device. Tne fcnctions of the processor include at least the following: to process the 
temperature signal fi-om the temperature sensor 7 and to control the operation of the motor 3 and 
the heating / cooling source 5 according to one or more programmes, chosen by the operator. 

Preferably said means 1 for holding at least one reaction vessel is a rotor, e,g. a rotor 
chosen among the following: a drum rotor, a swing-bucket rotor and a fixed angle rotor. Further, 
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the chosen rotor is preferably modified to allow mfaindered thennai contact between the distal or 
"lower" end of the reaction vessels and the heating source. Likewise, the rotor may suitably 
modified to allow efficient cooling of the proximal end. 

The heating source 5 and 6 can be any heating source, capable of heating the distal ends of 
the reaction vessels, e.g. a radiating source, such as a heating element with electric resistance 
wires, an IR-source, a microwave element and the like. According to one embodiment of the 
present mvention, the heating and cooling is effected through the use of at least one external 
source of heat and cold (illustrated throughout the figures as 5) connected to a msnile 6. The 
mantle embraces the rotational path of the reaction vessels 2 during at least part of this path as 
indicated in the cross sections of figures 1, 2, 3 and 4. 

Preferably, the maxxtle 6 is adapted to the shape of the rotor, as schematically indicated in 
Fig. 5 and 6, showing two embodiments of the invention. In Fig. 7 an embodiment is shown, 
where the mantle or a part thereof is movable in relation to the rotational path of the reaction 
vessels. The movable part of the mantle is then preferably a circular or partiaHy circular reflector 
16 contaimng a source of heat 17 and arranged so that it can be moved closer to and away from 
the rotational part of the reaction vessels. 

The heatitig source may also be situated inside the rotor, at the distal or lower ends of the 
reaction vessels (not shown). According to one embodiment of the invention, a teiecentric lens is 
positioned between the heating source and the reaction vessel or reaction vessels. 

The cooling source or means for cooimg can be chosen among convection cooling and a 
circulating cooling mediima, e.g. a refiigerated gas, such as air and preferably nitrogen. In an 
embodiment, such as those shown in the attached drawings, the cooHng medium is let into the 
mantle and thus comes in contact with the rotating reaction vessels. According to another 
embodiment (not shown) the environment of the rotor is refeigerated witii exception of the 
mantie. By moving the mantle in relation to the rotor, e.g. raising or lowering it into close 
proximity of tiie rotating reaction vessels, said vessels are heated. By lowering, raising or 
otherwise removing the mantie, the surrounding cold environment is again allowed to contact the 
rotating reaction vessels. Instead of moving the mantie, the rotor can be moved while the mantie 
is kept at a fixed position. 
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The reaction vessels 2 can be any one of the following: a sst of individual tubes, e.g. 
Eppendorf-tubes, individual wells on a microtitre plate or individual test tubes. 

Fig. 2 shows schematically an embodiment where a radiation source 8 emits radiation, e.g. 
a laser beam which intersects the rotational path of the reaction vessels. The reflectance of this 
5 radiation is detected by a sensor 9. The temperature sensor 7, e.g. an ER. sensor, may 

coromunicate with the re-Sectance sensor 9 via a processor 10, e.g. for the ptirpose of adjusting 
the temperature measurements to the rotational speed. The radiation source 8 and the reflectance 
sensor 9 may also be used for detecting chemical reactions in the samples, e.g. the light 
reflectance or emission indicating the end point of a reaction or a positive or negative test answer. 

io Further in Fig. 2 a user interface 1 1 is indicated. Said user interface can include a key 

board or similar for inputting the selection of ops-ating parameters or choice of pre-programmed 
operating schemes, a display for showing the progress of the operation, process parameters etc. 

According to a preferred embodiment, the device according to the invention includes 
means for reading information regarding sample identity, operating instructions etc. Examples of 
15 such information includes operating parameters, such as time and temperature, number of cycles, 
post-PCR temperature etc., sample information, such as date, source, patient identity, quality etc., 
and reagent infonnation, such as batch number, date, reagent quantity, type etc. 

According to one embodiment, the samples or reaction vessels carry the above or similar 
information, e.g. in the form of optically readable signs, such as bar codes, optically readable 

20 discs etc, or electronically readable information, such as information contained on a magnetic 
carrier or on an integrated circuit or chip. Using this fflnbcdiment, a high dsgrss of safety and 
control is aciiiev^. Operator error is minimized. The samples are identified and the operation 
performed according to information contained in each sample carrier, e.g. each microtitre plate. 
The infonnation can be read by the operator, e.g. using a barcode reader, or by the de-zice, 

25 automatically detecting the information when the samples are loaded into the device. 

In Fig. 3 is shown an embodiment, where temperature reading and control is effected via a 
sensor 12 placed in one of the reaction vessels, connnunicating with the processor 4 via a 
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transmitter 13 and receiver 14. The sensor is e.g. a tiiermocoiqjie and the transmitter / receiver 
system can be a system utilising IR signals. 

Fig. 4 shows a schematic cross section of a device according to the invention, where the 
mantle 6 is shown. The reaction vessels 2, the rotor 1 and the motor 3 are as disclosed above. 

Fig. 5 shows a schematic view from above, e.g. of an embodiment according to fig. 2. The 
mantle 6 having an inlet and an outlet, indicated by arrows, leading into and out from the mantle, 
respectively. It is seen, that the mantle covers only part of the rotational path of the reaction 
vessels 2, leaving a sector for unhindered measurement. Here the me^urement is shown 
including the IR sensor 7, a laser source 8 and a reflectance sensor 9. 

In Fig. 6 an embodiment is shown, where the mantle 6 surrounds the entire rotational path 
of the reaction vessels 2. The measurements, here indicated by the sensor 7, are taken through the 
mantel, preferably through a section 15 of the mantle, being permeable to or able to transmit the 
signals detected by the sensor. 

Fig. 7 shows a schematic cross section of an embodim^t where the heating source 1 7, e.g. 
a tubular IR lamp, is arranged in a movable reflector 16. By activating the IR lamp and raising 
the reflector into close proxmiity of the rotating reaction vessels, the sample volumes are 
efBciently heated. When the lamps are deactivated and the reflector lowered, the heat dissipates 
quickly from said sample volumes. Tne cooling can be aided by refrigerating the entire inner 
volume of the device or the volimie closes to the rotating reaction vessels. The reflector 16 need 
not be arranged below the rotational path of the reaction vessels, but can also be arranged above 
or around said path. In those cases, the reflector is moved downwards or inwards until it comes in 
close proximity of the rotating reaction vessels. 

According to one embodiment of the invention, said device is capable of subjectiag the 
contents of the reaction vessel or vessels to sigrnScant centrifugal force, preferably a centrifiigal 
force in the inter/ai of about 500 z g to about 20.000 x g or higher, preferably in the interval of 
about i .500 x g to about 20.000 x g, and most preferably about 5,000 x g to about 15.000 x g. 
The temperation achieved by the present inventive device or method is naturally a ftmction of the 
reaction volume, its constitution, the temperamrs and the centrifugal force. 
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Further, a device according to one embodiment of the invention comprises means for 
cooling the part of the reaction vessel directed inwards in relation to the centrifugal force. In this 
case, the rotor is modified to allow imfaindered thermal contact between the proximal or "upper" 
ssad of the reaction vessels and the cooling medium. 

The means for heating comprise at least one source of heat, for instance a radiation source 
emitting radiation within a wavelength range generating heat, e.g. an iR source, an electric 
element, hot gas or hot liquid, which is positioned within or connected to a centrifuge in such 
way that the heat when emitted, reach the distal end or ends, of one or several reaction vessels 
when these reaction vessels, being appropriately situated in the rotor of the centrifuge, are 
centrifuged. When the invention is intended for cyclic heating and cooling, this source of heat 
can be switched on and off without terminating the centrifhgation. Tne effect of the heat source 
should be high enough to bring the complete amount of reaction mixture contained in the reaction 
vessel or reaction vessels, to the temperature being appropriate for the desired chemical reaction. 
The heating means can preferably comprise a temperature sensor or sensors or a thermostat for 
monitoring and controlling the heating. 

According to a one embodiment of the invention, hot air is forced into a space surrounding 
the rotating reaction vessels or at least the apices of said vessels. This space is refmed to as a 
'Seating mantle". 

The hot air referred to in this context is air or a suitable gas mixture, heated to a 
temperature which exceeds the melting temperature of the material of the reaction vessels, e.g. 
the thermoplastic of the Eppendorf-tufaes or microtitre wells. The temperature is preferably as 
high as possible, given the restrictions posed by the equipment used, and preferably a temperature 
in the inier^/al of 200 to 800 degrees Celsius, most preferably about 600 degrees Celsius. 

Tne cooling effect is achieved at unchanged rotational speed. According to one 
embodiment of the invention, the heating mantle is removed from the immediate vicinity of the 
reaction vessels, either by moving the heating mantle in relation to the rotor, e.g. by raising the 
heating mantle, or by lowering the rotor. The rapidly rotating reaction vessels will then come in 
contact with surroHading air or gas mixture, e.g. the air inside the centrifuge or air aspirated from 
the surroimding room. According to a preferred embodiment, the air or gas mixture inside the 
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csntrifege is cooled to a temperature beiow the ambient temperature. The rotor can aiso be 
enclosed in a larger space, which is reftigerated. When the heating mantle is moved away from 
immediate contact with the reaction vessels, the refrigerated air will rapidly cool the vessels. 

The means for cooiing can comprise means for leading a cooling medi-um, e.g. a gas, 
liquid or ambient air into close proximity of the proximal or "upper" md of the reaction vessels. 
A suitable cooling medium is liquid nitrogen or refrigerated nitrogen gas. 

When the invention is used, reaction vessels including the complete reaction mixture or a 
subset of tiais, are placed in the rotor of the centrifuge with the closed end directed downwards or 
otherwise according to standard practice for centrifriging the reaction vessels in question. The 
centrifuge is then started, that is, the engine which brings the rotor to spin is switched on. When 
the rotor has accelerated to the chosen gravitation force, the rotation is kept at constant speed. 
The heating source is now switched on leading to increased temperature predominantly at the 
apices of the reaction vessels. Tne heat will be transferred through the material of the walls of 
the reaction vessels, to the most distal part of the bulk of the reaction mixture. Increased 
molecular motion due to increased temperature will expand, that is, decrease the density of this 
heated part of the reaction mixture. Due to the pressiire caused by the gravitation field acting on 
more dense subsets of the reaction mixture, the parts with lower density will be forced to move 
upwards, immediately replaced by reaction mixture with higher density. This dense part will 
then be heated by means of the same process of heat transfer from the heating soiarce. The 
density of this part of the reaction mixture will decrease and move upwards and become replaced 
by cooler reaction mixture. The means for cooling, according to one embodiment of the 
invention, acting simultaneously on the upper or proximal part of the reaction vessel will co- 
operate to ensure thorough mixing and homogenization. This chain of events will carry on, 
eventually leading to a thoroughly mixed, homogenous reaction mixture and a homogeneous 
temperature distribution in the bulk of the reaction mixture. 

According to a preferred embodiment, the device according to the invention is equipped 
with an IR-sensor, and preferably a focussed IR-sensor monitoring the temperature of the 
contents in the rotating vessels. Prior art methods of temperature control ofren use a 
thermocouple, placed in one reaction vessel, partaking in the thermocycling procedure. This is 
however not necessarily accurate. As most plastic materials, used for reaction vessels, do not 
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absorb IR radiation, the meastsrement according to the present invention will actually give the 
temperature in the sample itself. The measurement can be governed by an algorithm, giving not 
only the mean temperature of the rotating vessels but also possible deviations from this mean 
value. 

5 The above IR-semor is preferably equipped with a laser, emitting a concentrated ray of 

light hitting the reaction vessels. This laser "point" visible on the vessels can be registered by an 
optional sensor and used for controlling the focus of the IR sensor, the speed of rot^on, for 
triggaing the measurement of sample temperature and for reflectometric and/or fluorometirc 
measurements. When using the reflection of the laser to trigger the temparatare measurements, a 
10 higher accuracy can be reached. 

Further, in order to avoid interference between the IR-sensor and an IR-source, possibly 
used for heating the reaction vessels, the IR-source should be chosen so as to emit IR radiation at 
a wavelength clearly different from the reading wavelength of the IR-seasor. 

The simultaneous cooling from the opposite direction of the gravitation field, provided 
15 according to one embodiment of the invention, efficiently increases the degree of density 

homogenisadon, that is, shortens the time for tsnperation and homogenisation of the reaction 
mixture. 

A method according to the invention comprises the following steps: 

i) at least one reactant is measured into a reaction vessel, 

20 ii) said reaction vessel with contents is placed in a device capable of subjecting it 

simiiltaneously to csiitrifugation and heating; and 

ui) said reaction vessel is subjected to centrifiigation 

i'v) the distal end of the reaction vessel is subjected to heating. 

Acconiing to a preferred embodiment of the invention at least one reactant is added using 
25 a capillary or similar device, which only releases its content upon csitrifegatiGn. 

A method according to an embodiment of the invention comprises the following steps: 
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i) at least one reactant is measured into a reaction vessel, said vessel canying infoxmation 
regarding the intended treatment or process steps, 

ii) the information is read by a device, part of or connected to a device capable of 
subjecting it simuitaneously to centrifiigatioG and heating 

iii) said reaction vessel with contents is placed in the above device for centrifugatioa and 
heating; and 

iv) said reaction vessel is subjected to centri&gation 

v) the distal end of the reaction vessel is subjected to heating; 

vi) steps iv and v being performed according to the information contained on the reaction 

vessel. 

When perfonning the method according to the steps i) through vi) above, the risk of 
operator error is minimized if not entirely removed. The method also allows a large extent of 
automation of the process and further, it simplifies the compliance with quality control schemes. 

In general, the present invention also discloses a new method for performing chanical 
reactions in finid media contained in reaction vessels, characterized in that a device according to 
any one of attached apparatus claims is used. 

In particniar, the present invaition discloses a novel and efficient method for performing 
reactions demanding a high degree of homogenisation and involving repeated temperation e.g. 
analyses and synthesis involving themocycling. One example of such analyses is the polymerase 
chain reaction (PCR) tschnique. Another important application is in the field of high tbro-aghput 
screening. This and other methods are outlined previously in the desciiption, 

The device according to the invention is particularly suitable for a variation of the PCR 
analysis, generally known as "hot start PCR". Using the inventive device, the temperature is first 
set to a temperature above the annealing temperature of the primers. During this initial 
temperation, the rotor is rotated on a lower speed, sufficient to assist in temperation. When the 
desired temperature is reached, the reagents are added with the aid of reagent capillaries or 
^agent cartridges (e.g. capillaries or cartridges as disclosed in PCT/SE9 1/00343 and 
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PCT/SE97/0i562 by same applicant). The emptyiag of the reagent capillaries or cartridges is 
triggered by increasing the speed of rotation. At a higher rotational speed, the capillaries or 
cartridges are emptied by the cgaatrifiigal force and the PCR analysis can be carried on, as 
described above in the description. 

5 When performing a PCR-analysis using a device or apparatus according to the present 

invention, the time required for the amplification steps is sigrdficantiy shortened, ha practical 
experiments performed by the inventor, a PCR amplification normally requiring about 2 hours for 
completion, can now be pa±>rmed in less than 20 minutes with xmaffected or improved results. 
Hie results were confirmed on SDS-Page gels, which showed high specificity and resolution. 

10 Although the invention has been described with regard to its preferred embodiments, 

which coi^tate the best mode presently known to the inventors, it should be understood that 
various changes and modifications as would be obvious to one having the ordinary skill in this art 
may be made without departing from the scope of the invention which is set forth in the claims 
appended hereto. 
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1. A thermocyciing device comprising a rotor (1) for holding reaction vessels (2), a motor 
(3), connected to said rotor, means such as a processor (4) for controlling the speed of the rotor, 
and means {5 and 6) for heating and cooling the contenis of the reaction vessels, ckaracterized in 
that the means (6) for heating cover the apices of the reaction vessels for at least part of the 
rotational path of said vessels and that the means for heating oporaie at a temperature 
significantly higher than the melting temperature of the reaction vessels. 

2. The device according to claim 1 , cliaractemed in that the heating means (6) comprise 
a mantle which can be moved in relation to the rotational path of the reaction vessels. 

3. The device according to claim 1, characterized in that it comprises an temperatBi^ 
sensor (7), the measuring focas of which intersects the rotation path of the apices of the reaction 
vessels. 

4. The device according to claim 1, characterized in that it comprises a radiation source 
(8) emitting a ray of radiation which intersects the rotation path of the apices of the reaction 
vessels and a sensor (9), capable of registering at least one of the following; light reflected from 
the reaction vessels, light emitted by the contents of the reaction vessels. 

5. The device according to claim 3, daarsctemed in that the temperatiire sensor (7) is a 
IR sensor. 

6. The device according to claim 4, claaractemsd. in that the radiation soiarcs (8) is a laser 

source. 

7. The device according to claim 4, sMaracterasd in that the sensor registering the 
reflected light from the rotating reaction vessels sends a signal to a processor (4) which controls 
the speed of the rotor. 

8. The device according to claim 4, eliaractesised in that the sensor registering the 
reflected light from the rotating reaction vessels sends a signal to a processor (9) which controls 
the measuring frequency of the temperature sensor. 
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9. The device according to claim 1, characterfeed in that said rotor (1) for holding at least 
one reactioia vessel is chosen among the following; a dram rotor, a swing-bucket rotor and a fixed 
angle rotor. 

1 0. The device according to claim 9, ciaaracterlzed in that the reaction vessel is chosen 
among the foOowing: a micro tube, an Eppendort-tube or a well in a microtitre plate. 

1 1. The device according to claim 1, characterized in that a telecentric lens is positioned 
between the heating soxirce and the reaction vessel or reaction v^seis. 

12. The device according to ciaim 1 , characterized in that it comprises means for reading 
information contained on or in associatioia to the reaction vessels. 

13. A method for performing chemical reactions in fluid media contained in reaction 
vessels, characterized in that said method comprises the following steps: 

i) at least one reactant is measured into a reaction vessel, 

ii) said reaction vessel with contents is placed in a device capable of subjecting it 
simultaneously to centrifligation and heating; 

iii) said reaction vessel is subjected to centrifugation; and 

iv) the distal end of the reaction vessel is subjected to heating. 

14. The method according to claim 13, daaracteiised in that at least one reactant is added 
using a capiilaiy or similar device, which only releases its content upon caitri&gation. 

15. A method for performing chemical reactions in fluid media contained in reaction 
vessels, cliarasterised in that a device according to any one of clani^ 1 - 12 is used. 

16. A method for performing biochemical reactions involving thOTiocycling, 
eaaracterksd in that a device according to any one of claims 1 - 12 is i2sed. 
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